network, colocalizes with mtDNA and is present in every mitochondrial nucleoid 14 . Consistent with these observations, biochemical purification of nucleoids has shown TFAM to be an abundant protein component 15 . The role of TFAM in mtDNA organization is further supported by atomic force microscopy studies demonstrating that it can compact DNA into nucleoid-like structures 6 . Some data support the idea that the binding of TFAM to mtDNA is cooperative 6 , which may imply that high-affinity TFAM-binding sites initiate a cascade of TFAM binding on the mtDNA molecule. Current estimates from mammalian cell lines and mouse tissues indicate that TFAM is present at 1 copy per 15-20 bp of mtDNA and it is thus likely to fully coat mtDNA 5, 16 (Fig. 1) . Super-resolution microscopy has revealed that the apparent mean size of nucleoids is ~100 nm in mammals 16 . Most nucleoids in human fibroblasts contain one single copy of mtDNA 16 .
has no charged C-terminal tail. Consequently, Abf2 is dispensable in mitochondrial transcription, but it has an essential role in yeast mtDNA maintenance 11 . The budding yeast basal mtDNA transcription machinery is composed of the mitochondrial RNA polymerase (RPO41) and an interacting specificity factor (Mtf1) 12 . Identification of the mammalian homolog to Mtf1, denoted TFB2M, led to the development of a fully recombinant in vitro transcription system and demonstrated that the basal machinery required for promoterspecific initiation of mammalian mtDNA transcription consists of only three proteins: POLRMT, TFB2M and TFAM 13 .
Studies of knockout mice clarified that TFAM is essential for mtDNA maintenance 4 and that increased transgenic expression of TFAM results in an increase in the number of mtDNA copies in vivo 5 . Confocal microscopy studies have found that TFAM is distributed in a punctate pattern within the mitochondrial TFAM was discovered in the mid-1980s as an activity that enabled in vitro reconstitution of transcription initiation from human mtDNA promoters using mitochondrial protein extracts 1 . Together with a partially purified mitochondrial RNA polymerase (POLRMT) fraction, purified TFAM could activate in vitro transcription from the two major mtDNA promoters, the heavy and light strand promoters (HSP and LSP, respectively) 1 . Footprinting and methylation interference experiments revealed that TFAM binds to specific sites upstream of the HSP and LSP transcription start sites 2 . In addition, sequencing of the human TFAM gene demonstrated that TFAM belongs to the high-mobility-group (HMG)-box family of proteins 3 . More recently, functional and structural studies have implicated TFAM in mtDNA maintenance as well [4] [5] [6] . In this issue, two papers provide insight into how TFAM binds DNA and performs its dual functions 7, 8 .
TFAM contains a leader peptide that is cleaved after import to the mitochondrial matrix. The mature mitochondrial isoform contains two HMG boxes separated by a linker and a charged C-terminal tail 3 . Much like other HMG-box proteins, TFAM is able to bind, wrap and bend DNA without any obvious sequence specificity 9 . In contrast, the C-terminal tail of TFAM is critical for activation of promoterspecific mtDNA transcription 10 . The budding yeast ortholog of TFAM, Abf2, consists of two HMG boxes separated by a short linker, but it TFAM forces mtDNA to make a U-turn
B Martin Hallberg & Nils-Göran Larsson
The mammalian mitochondrial transcription factor A (TFAM) is encoded in the nucleus and imported into mitochondria, where it functions as an activator of mtDNA transcription and packages mtDNA into DNA-protein aggregates called mitochondrial nucleoids. Two studies in this issue reveal that TFAM shapes mtDNA into a sharp U-turn, providing a molecular mechanism for its dual roles in the expression and maintenance of mtDNA. TFAM appears to share both the architectural role of the HU-IHF proteins and TBP's role of organizing the transcription initiation complex. In fact, similarly to what is seen with TBP, the specific interaction between TFAM and the mitochondrial promoters, which results in the dramatic bending of mtDNA, is likely of central importance in the activation of mitochondrial transcription, as it results in positioning the C-terminal tail of TFAM in close proximity to the transcription start site occupied by the POLRMT-TFB2M complex 17 ( Fig. 1) . The C terminus of TFAM has a critical role in transcription activation 10 and has been reported to interact with both TFB2M and the structurally similar TFB1M protein 18 . These putative interactions must be evaluated further, particularly as TFB1M is unlikely to be involved in transcription because TFB1M functions as an rRNA methyltransferase essential to mitochondrial ribosomal biogenesis in vivo 19 . What is clear, though, is that TFB2M interacts directly with promoter DNA near the transcription start site during transcription initiation 17 . The structure of human mitochondrial RNA polymerase (POLRMT) has recently been solved and shows strong similarity to the Pol l family of polymerases, in particular T7 RNA polymerase 20 . The structure is without bound DNA, and the domains of POLRMT predicted to be involved in promoter binding and melting of DNA either are disordered or have a different orientation in comparison to equivalent domains in T7 RNA polymerase. Interestingly, the structure of POLRMT reveals an N-terminal pentatricopeptide repeat domain (PPR) of novel structure that appears to sequester a loop binding the promoter, which corresponds to the AT-rich recognition loop in T7 RNA polymerase. The sequestering of this AT-rich recognition loop of the PPR domain of POLRMT may be dependent on the formation of the complete initiation complex with DNA, TFAM and TFB2M. Alternatively, the sequestering of this loop may provide a mechanism whereby other factors bind the PPR domain to regulate mitochondrial transcription. A tentative model of the TFAM-POLRMT complex around the LSP promoter does not exclude the possibility that the C-terminal tail of TFAM interacts directly with POLRMT (Fig. 2d) . In summary, the novel structures of TFAM offer exciting insights into the roles of this protein in the regulation of transcription and organization of mtDNA. As always in science, an important and novel result opens up a vast array of follow-up questions. A future challenge involves understanding exactly how TFAM stimulates transcription initiation. The recently uncovered structure of POLRMT 20 paves the by the two HMG boxes. The net result is a total reversal in the direction of the DNA helical axis. Interestingly, fluorescence resonance transfer (FRET) experiments show that nonspecific binding of TFAM also results in dramatic DNA bending 7 , a feature of obvious use to the architectural function of TFAM in compacting the mitochondrial nucleoid.
In fact, the manner in which TFAM bends the DNA shows a striking similarity to that of the prokaryotic heat-unstable nucleoid (HU) and integration host factor (IHF) proteins (Fig. 2b) . The HU and IHF proteins organize and compact the bacterial nucleoid by introducing U-turns into the DNA, just as TFAM is predicted to do in the mitochondrial nucleoid (Figs. 1 and  2a,b) . It remains unclear whether TFAM alone is sufficient to compact and organize mtDNA into nucleoids. It is possible that other as-yetunidentified proteins organize the TFAMcoated mtDNA into higher-order structures important to the nucleoid's final organization.
Moreover, TFAM may play a mechanistic role in mtDNA transcription that is similar to the role of TATA box-binding protein (TBP) in nuclear transcription. The binding of TBP to the TATA box causes dramatic bending of DNA (Fig. 2c) , which results in the recruitment of a number of proteins necessary for transcription initiation at nuclear promoters. Remarkably, The groups of Chan and Sola both present the structure of TFAM bound to LSP 7, 8 , and unexpectedly reveal that TFAM binding imposes a dramatic U-turn upon mtDNA (Figs. 1 and 2a) . TFAM is part of the ubiquitous family of HMG-box proteins that are exclusively found in eukaryotes, and previous cocrystal structures of DNA-HMG boxes have shown a sharply bent DNA with residues from the HMG box intercalating between bases, thereby breaking up the DNA stacking. The HMG-box family can display both sequencespecific and non-sequence-specific DNA binding. TFAM belongs to the subgroup of tandem HMG-box proteins, with two HMG boxes separated by a linker. Interestingly, the N-terminal HMG box of TFAM has the same affinity for the LSP promoter DNA as the full-length protein, indicating that a large part of the affinity is localized within that HMG box 8 . However, the strong bending of the DNA is dependent on both the linker and the C-terminal HMG box, making the reversal in the DNA's direction dependent on the cooperative binding of both HMG boxes and the intervening linker. Each of the two HMG boxes cause the DNA to bend nearly 90°, and the positively charged residues of the linker helix interact with the minor groove of a nearly straight B-form DNA between the DNA bent n e w s a n d v i e w s 12 , which present a 6-to 8-nt 5′ terminal segment, known as a 'seed' , in a solvent-exposed helical geometry for target RNA recognition 13 . Upon recognition of seed-complementary target RNAs, miRISC undergoes conformational transitions dependent on the extent of complementarity 14 and
Research on microRNAs (miRNAs) and the mechanism by which they repress their target mRNAs constitutes one of the frontiers in the study of post-transcriptional gene regulation. miRNAs are 21-23 nucleotide (nt) short, conserved, noncoding RNAs, which are expressed in a cell type-specific manner and can accumulate to tens of thousands of copies per cell. miRNAs guide the miRISC to partially complementary binding sites of target mRNAs 1 , leading to their destabilization and/or translational repression. Well-expressed miRNAs typically target hundreds of different mRNAs 2, 3 and consequently participate in many physiological and developmental processes [4] [5] [6] [7] . Though significant progress has been made in miRNA target identification, the precise molecular mechanism by which target RNA inhibition is achieved is still a source of scientific debate 8 . The series of molecular events triggered by the recruitment of TNRC6/GW182 proteins to miRNA target sites and leading to mRNA New insights in the mechanism of microRNAmediated target repression
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The microRNA-induced silencing complex (miRISC) protein TNRC6 (also called GW182) uses dispersed tryptophan-containing repeats in unstructured regions to recruit the CCR4-NOT nuclease complex leading to mRNA deadenylation and inhibition of translation initiation according to new research. 
